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The Mevhanice of Deep Water, Shallow Katar,
axd Broaking Waves

Abstrast - E:psrinental deta are pressnted for desp water, shallow water, snd
brsaking waves with rsspect to the wavs surfece btims histery, the horizontal and
varticel particle velooities aud the particle orbits. 7The meagurements ars Som~
pared whers apgl%@ablc 40 Stokee wave theory. Ihe r sults are that the Stokes
wave theory }*, and other wave theories (2,3,4 s show good agroement with
the msasursments for deep water eonditions and even to d,/L values of approxie-
mately Oe2. The theoriss do not spply for shellow water oonditions where d/L
velues sre appreciebly less than 0.2 and the waves have an Eppreoiable steepness,.

Intraduction ~ The purpose of this repert is to preseni experimsntal datz on the
meskanics of wawves and to compare thes: date with the Btokes waws theory 1,2,3 ,4)
The wave surface time history, horizontal and vertiosl particle weloeities and
the particls orbii were measured in desp water, shallow water, and for brosldny:
waves., The Stokes theory showed good agrumnt with the msasurements for condi-
tione whare 6./1. was greater than about 0.Z. For shaliow water waves \u/L apprecis
ably less than 0.2) of appreociable stespness ari for breaking waves on sloping
beasches, ths Sitckes thsory to the second spproximetion shows poor sagresment. I
was found that steep waves nsar the breaking poixt on & steep beach will she!w
oloser agreemsnt witi. the Btokes theory than low wavse on a flat bsacshe The
surfece +tim® history st the point ef broaking showe olgss agreement with the
space profile at a distance ‘of 20% cf the wave length on either side of ths bresk-
ing point. The greatest horizontal particle velonity occeurs when s wave bresks,
but: thare is no evidsace that any particles approach the wave weloolly exoeps ths
particles et the crest of the breaking wave. The greatest vertioal velooity
oocurs in en upward direction, Just as the waye bresks, Hor unbroken waves that
are asymmetricel about the crest. the greatest wertical wslooity occurs in az
upward direotion, just as the wave orest approashes the particle. Extremely
shallow water waves in a channel form a second wave that travels at = slower
velooity than the original wave, thus forming waves that dc not hawve & permanen?®
form. The perticle orbit of this wave train consists of sa ellipse within ap

ellipse if the second wave is in the trough of the original wave. No mass trans-
port studies wurs attempted because of unkmown tank effeots. '

Experiments - The experiments were condusced in the 1 ft. by 3 ft. by 6C tte. wave
chammel ian the Fluid Kschanioes Laboratory, University c¢f California, Berkelsy,.

A mixture of carbon tetrachloride, xylens (xylol‘ end zine oxide was made, whichk
had the sameé specific gravity as water. Droplets were injested intu ths mtu.
and the resuiting motion was photographed through the gless sides of the channsl
with & motion pioture camera. A olock and grid were plased in the field of view
in order to obtain time and spnoe coordinates. The motion plotures wers =mnelyzed
frams by frame to obtaip the data presented. The particls orbits for the deep~
water and shallow-wnter waves were adjusted sc tnat the apparent maess transport
wag sliminated. This wes déone Uy measuring the apparent mass transport over one
vave oycle and apportioning the ns_ative of this motion linearly cver the particle
path for one wavs cycles During all experiments with unbroken waves, the waves
were mads a8 £teep as pozsible,
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Piret and 8eoond Approximations of 8tokes Wave lha hoory s ™e first and second
Bpproximations of GLOKAS Wavs Thaory were compared with tns measured weve surf-
&ne tlme history, horizontal and vertioca. paz'biou veloclity and the partialc
pathe :

The second approximation of Stokes wsve theory for the wave profilo( 2 2) As
given by the axprossion :

27d AT 4 gt
8 B 27 WEH i"""“"1’:" (Cosh —pm & 2) e amx (1)
.awult-- Q“L‘ ‘21. d L dobnrs, 2 L

oo 2 (sioh 274)3 .
: L
. Where i et el e : -

B.® ¢levation of the particle above the bottom (ft.); in thie oau :
- the surface particle :

d ® still-water depth (ft.)

H = wave height (£f) g '

% - hardzente] digtance from {nim H—th;vn g;-ggt} m ‘bh. nu"hiola (£t.)
L = wevs length (7%.) : :
+z tine (s86s)

1= weve period (sec,)

Equo.tion Cl) becomes the surface tims history by replsoing X/L with ¢/T which
is possible for waves of permanent form, This wes the only theory used for
oomparison with the ured aurfeocs time history beocause the tro 1&1 zurf=
ace tims history!®s4) and Stokes® doep water surface time history!l), all
agres olosely with enoh other and with the msasursd surfass t‘—s R ‘""“;,'.fer
deep water, In shallow weisr the previously mentioned expressions for the surf-
808 time h!.stcz‘y do-not agree with each othe- nor with the cxperimntaa results,
Purtherwore, the third approximstisn of 8 tokss wave theory will enly slightly
improva the situation. The writer believes 1t would ts.ko meny apgroximtiom
‘to extend the Stokes wave thacry to waves of appresiable ateepness in very

ahl.llow water.

The ﬁ.rst &pproximtlon (Stoku) to the horiaonta.l partiole veloeity(l) is

given by the czprau:l.on : : 25
278 L

: Cosh 8 4
ws ZH 1 Cos & | (2)
Sin.h 5 e 2

whore
u ® horizontal partiols veloocity, (ft. per sec.)

@ = angular position of pariicie in 1te_orbit messured counterslockwise
and where there is no mess transport, (degrees)

The use of 9 is & modification of the 8tokes equation which includes the
essumpbion that the horizontal particle velocity is zero at ths meen vertical
partiole position. The use of © applies only for the first approximation,
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The escond approximation (Stokes) of tha horizonml partiole velooitycllzl =8
given by the sxpression

FE Gosh SLZ

: e Cogh --
u = —Jie Coe 2T ( px - ot) ¢ 2 i -I‘ c”"f,"'(""“"“’) ()
T gim 278 i . 5 ’_ (84 Jal -
£ ;_h 3 L R ! : " + :
where i ‘

x = horizon'&al pésiticm of po.ﬁ:ic}'.e ‘in its mean borigzontal position {(ft).
¢ ¥ wave ‘veloaity of propagation, (£%/s00)

m purt!.ole velooiizy under the orest becomes
giE Geon 2TE 2z w22 gosn 4T3

u (erest) = ¢ = L : .
5 T - 4 LE (¢)
inh == ' : - (31oh Zp)
and the particls velocity under ithe trough beecomes
: -~TTH Coésh 228 5 o2 Geosh -f—iﬂ"is- :
u (treugh) z —=—— T e e, e e e Ry

The absolute values of u (orest) and u (trough) snd the maximum velue of
Bouation {2) wers ecmmared to the msasured !mrimnul particle welocliles under
the ocreest and trough of the wavss.,  In dsep wator all tho expressions gave the
semo close sgreement. In shallow water for waves of appreoiabla steepness,
Bquation (2) (linear theory) compares more closely to the experimental results
tm.n‘the ’meond tpprcximtion of the Stokez wave theory.

The ssoond approximation (Stokes) to the vertiocal partiole velqei"y(l) (v 4n
Pte/3060) 1o given by the expression

P 2mrS e 22 Y PRR ._:"_..! B e ;
ve ZE Smﬂg 50 22 (2 + x - o) ¢ 3 T ST 0 80 0e) (6)
Simn 275 (81nh 2Z2)

wnich for thé mean vertical partisls position bheccmes

+ i Sink sms .
v = g SemSammam L ) }
' 277 d (7)
Sink ,‘.:L_..

This result i3 common to both the first and secoud mpproximsticns in deep or
shallow watsre :

The sesond epproximation (Stokes) to the horizontal particle poeition‘l »2) in

its orbit witk no mass transpsrt is given by the expression

2118 A - MS i
-f Coslt—r— e~ 1 3 Cosn o 7il . 4 _
X Eees -—-——a--&in (5ot} = = m T o= 8ip ———(T=ct) (8)
2 gam@8 " L e 4L (Sink )4 £ Mean AN - S
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Where S for this cmse in the mean particls elevetiocn ebove the betiom, {(fh.)
Bquation © seems almest enlirsiy inadsguate for ail ut & fsw wius

in dsep waier snd for bettor ag;roemant in shailosr water the cquation wasre=
dugm ‘o

B Cosh ﬁ

x = - —Wingn—m—- Ei@ x . 5‘h : i i ) _. & : i "'_9
s Zra g & et s ®
The saocmd appmxima 3em (Sta%fsg) % “’i’tm vm’ iﬁ@,.{ p&r’cicl@ paeiti@n ("2} in
ste orbit is given by vhe mfsmien P ;

12h 3zr 8 _' : :

B 22"’ ’ " e P i

Y - ﬁ m——%{ h§$ Ie iﬁ G’g) & ey 1§ : \x @t; (1 )
_8inh i o

For shallmw water Equatiqﬁ {}ﬁ} %@m&s im&amﬁ& and batber mmi‘ka mm Som
taiaed when it was reduced to “ths i‘g wing ngsmsaisn ;

£ g‘ﬁ‘“ > a
-uiah 7a S Lj o » : . : "*‘*: ,; Al
The sigm, sine, and sosine sonvention used in the \s.bsm qustions are conrdstant

with the :‘i.szu:u nresanma in 'l:ne reyars and- my'
raferczwssa o

%

Esszzlﬁt a,né ﬁismgiam rhe q;:parimsntal rssult«ﬁ 8re gmssm:@ﬁ in mphieal P
K simmary of the wave oconditions covered is presented in Tsble I,- Pigures 1 te
5 sover the sonditicns 52 d M&ﬂf-en than ahnn"l' Qa 2. ﬁg,rsggg & ko _;_na and ,L’? ta-.

25 cm; the eonéitions nfr 1- 1@83 than GQZG. Fi@xrm 1i e 16 eowr -the case

of breal:ing weves m: slop:l:ns; bowheg. Sineo there oan bo 2o abrapt ohmgs ?E"“a :
good agrsemsnt %0 bad ageameat ‘i?igx&rez 5, 6 snd 17 whers veluss of 4/% raagy
‘betwesn 0,20 to 0.10 mey be oiassed as the region whers the Btaices thesry
_devia*l-e: 2% or more fron tne mensuramsnus Por waves cf a;sprmiabia ste@p;;ﬁss.

!igzre % shews 8 very ateep, doap-fwa.tnr wave (d,f’L 60559} whera the thgeretieﬁl
reanlts for the sscond epproximation of the Btokes theory are apgz%ﬂmtaly the
same as for the first approximation. The maximum ervor betwesn the theory and
mesguremsnts iz about 204 based on the measured results, The par‘bz rAy pe;kh for
this wave condition 1s almost szaotly 2 oirsles. Flgure 2 whsre d 2 0,440 iz
elmost identiocal with Figure 1, but with a wavs that is zomewhat“lesa ateep.

Pigure I shows o relatively steep wave in water thet ia ralza'r1vaui shallow
(d_,y-' 0.23&). The theoretical horizoatsl pariicle velocity shows the mriatian
between the first end second approximations. The a&grsemsat between measurement
end theory iz gensrally within 20% based on the mesasursd results for this case.
Pigure 4 (d/L w 04228) is almost identical with Figure 5. The particle path in
this case is now ellipticel.
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Figure 8 shows a very stesp wave in relatively challow water (4/L = 0,181) and
is an exampls of the beginuing of the devietion of the second epproximetion. Tne
surfess ¢ history hes & definitely flat trough for more than 803 of the wews
orole which is charecteristic of shullow water waves of approciebls stecpnoss,
fﬂze Lorizontal particle velccity distriltution shows less curvature then the sisep
shown 4in zignre 1, The date preseuted thus far o horigontsl perticls
vnlwﬁity indicate that the particls yeloeity at a given elevation alove ths
bottom is the same magnitude under the orest as under the tmough. The sseond
-a;prcaiaatian of the Siokes thsory indicates that the wysriation between the
#ough horizental particle vslcoity end the orest vslociby at the seme level
should be sbout 208, The point hes now been reached whare the differense
bebwesn the frst and second spproximetion is sbout the same es the differcunce .
tatwnsn the mesgurszents and the Stokes theory so that wayes in more shallow water
csn be expected to show even grestsr varistion bebwsen theory end measuremont. For
thie exsmple (®igurs 5; the particie psth is elliptiosl ki ie more rounded at the
orest apd flattensd 8%t the trough both in messurement and theory indiesting sypiscal
ghallow wator effects, Ancther exsmple of & wave in {he seme renge is shewn in
E&g&ags 8 and 17. Thiz mavs would mot be considered stsep in desp woisr, but it
it 8 5538 wave i §h4ﬂ relétivaly shallow water (d/h 2 0.116). Ths wave surface
time history nnﬂ‘horizantal particle velocity showe good agpsemont with the theory
‘but ip ths lattsr cnse & definits inoresse in the d:fforcncs bﬂtﬂatn orect and
frough va‘o-it st bhs ssme levsl 12 shown,

Beparkably good agresment between the messu: .d vertical partiolo velooity and
‘‘the theoretisal results is shomn in Migure 17 for this weve sondition, In the
Piguree 6 and 17 and in the following figures 7 e 10 and 18 to 25, the waves

were nadg &8 steep a8 possible for the shlllow weter condition presented.

Fipares 7, 18 arnd 22 ghows & relatively sissp weve in relatively shallow water
{8/L % 0.079) which is definitely beyoad +the region of gond sgreement., Any
&;gasman@ of tUhe asasursments with the theory probably is mars esincidentel than
anything else. Yor inatance, the seoondary wave shown in the theoretieal profile
of the second epproximetion {Figure 78) is for a wave of psrmenest form, but the
ma@nured wsve doss not have a parmenent form sinee the secondary wave is tragel-
ing et 'a different velooity than the large wave. B The agresmsnt belween horizondal
partiels velooity and the theory is poer; hawuver, there is considersble sxpari- -
montal scatter iz this exampie (Figure Toj. Pigures 75, 225, a2d 2% show fairly
alose agreement between theory and measurement, but the theery iz a wizturs of
the first and sesond epproximeticns. The first spproximetion is ﬂcﬁ& in the x
direotion and the ssoond approximation iz used in the y-direstion. &lthough the
agreemant 1s geod, this approach is arbitrary in that using one spproximation or
wae other dapends upon a chosen d/L without any rules for this choics. If ths
second approximation 15 ussed in the x direction, the theoretioal ocurve extends
beyond the borders of the graph. The first approximation in the y~direction, if
vsed alone, woulu mean a symmet:ical orbit about y = 0. In Figure 18, the thscry
ned deperted considersbly from the measurad welnes of the verticel partiocle
velooity. The wave illustrated in Figures 8, 19 and 23 is in slightly more
shallow water {d/1 ® 0.087) than the wave of Figures 7, 18 and 22, but is other-
wise identlosl. The theoretical asurface time history differed =0 greatly from
the msasurements that it wes considered not to apply and waz not shown. In
Figures 8b, 8c, 23a and 23b, only ths first approximetion was used erd showed
better agroement to the measursmenis than the second approximation which ocould
not be econtained within the graph. This close agreemsnt of' the first approxi-
metion is gountwediotory to the theoretical approach indiseted in that the
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rooond approximation should for all cases be besttar then the firat eoproximit .o
Figure 19 of ths vertical partiocle wsliocliy for this weve shows th:,*c Lhe tboory
lays within the exyerimental snatter.

The wavs condition (2 = o.tm) of Figuree 9, 20 oA 24, end the wave comdition

E%Lg 0,088) of ®gur 88 10, 21, and 26 shar sueh poor agresment with the Sﬁnkns
theory thet the theoretisal curves souid not be contained mighin the umu
of the graphs except for the horizontel and wertisal pertisls -elcsitics, Ja
“i@are 102, 8 secondery wave is zhown traweling of almest helf the weloeity of
i lerger weno, Im Figures 10c ard 26, the sssoudapy wave appears as an janer
loop in the ;ar%isl; orbit. In Figurs °a, a slight socondary wawa was shoum and
thiz causes the hesitant particle motion shown at ihe right side of Figurss %
sad 24. In Pgures 2b end 10b, the horisontal particle motion undsr the trough
ip definitely lees than the perticle ysioeity under the orest. Barthor, the
maximse novizontal partiele velooity at the orest of the wave hae mect hogun to
&pprmh the order of mgnitud- of tho wuro velooity,

Tas nxporinantal resuits of the brea?dng waves on & slop:!.ng besoh snd the experi—
mensel results of the waves in very shallow water shew that the trends of the
water particle motion of the shallow waior waves are sontinued when the wave
oreaks. The brmeaking waves presented are olessified by %he ‘bueh ‘#lope and
their dupmtir stégpmus Two beach slopss (1;10 and 1360} wers selestod as
about representative of the two extremes possible in the model. From the model
study it was found thet steep wevss on « relatively steep beach plunged upon
breaking while low weves spilled upon bresking, On a fiat beach, the steep waves
form spilling breakers and the low waves form plunging breakers, Figure il is
en exompls of & very low wave on a steep beachs The surfuce time history is
asymmetricsl and very irreguler, The irregular waves in the trough are traveling
zeawarde In Plgure 1lla, ths surface time history end the epece profile show good
azrsement over a diatance of 20% of the wave length on either side of the orests
The z-r_':‘z'i.zontel narticle velcoity at the orest is approximately twice thet at the
Letten. However the maximum particle velooiftly under the trough iz the sams as
under tne crest at the sano level. The maximum particle velouity mear the orest
is not ms pgreat as the wave velooity, The particls motion inecluding mnss trans~
port is very irreguler; however, it was observed within a reletively narrow
rogion of the breaker that the maximum veritical particle velocity ococurred as the
wave orest approached and the maximum horizontal velocity ogeurred when the wave
broks, even though the particle was not directly undsr the breaking crest. That
is, the maximum horizontel particle velcsity cccurred at & position other than
the maximum elevation in the orbit if the particle was not direotly under the
crest when the wave brcka. Hence for such partinles that were sesaward of the
breaker the maximum horizontal vslooiby ocourred slightly aftervard cr exactly
28 the wave crest passed. Ior particies that were shoreward of the breakxer
maximun horizontsl velosity ocourred before the orest passed (foam line). The
wave oondition of Flgure 12 is 1dant¢6a1 to that cf Figuro 11 exeept that the
wave is steeper in Ceep water. <+or This wave the horizontal particle velocity
at the srest 1is nearly the same az the wave welocity. Figure 13 shows a steep
wave on & steep beach. This is the only breaking wave for which the Stokes
theory was conteined within the borders of the graph. Agreement between the
breaker and the theory waz noct expected bHut it is interesting to find feir
agraament as to the order of magnitude which was found for this ocass alones
Espesially aignificant is that the horizontal particle walocity urder the orsst
and trough are equal at equal levels. Hence steep waves on steep beacshes bshuve
more like waves in re1nt¢ve1v deep water ¢f constent depth than any other waves
en sloping beachenr. This is apparent if the facts are cousidered that a steep
wave cannct shosl very much without bresking and thut waves shoal repidly in a
short distanse on stesp bsaches. Thus a stsep wave on a steep bsach carnod
shenge mich in shapo belsrs breaking.
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Pigire 14 shows & low wave on & flat beach. The surface iime history is flat
and long in the trough whioch is typiesl of very shallm-water waves. The hori-
zontal particle welocity is typicsl of very shallowaster wayes in that the
yelooity under the orests is about twice the pa.rtfwla welocity umder the troughe
The maxiuum particle wslocity mear tis orest is zesrly sgual to the wawe welssity.
The perticle path shows the very slow and hesitant motion of ths Srough sot eil
from the very rapid motion as the orest passes and breaks. Fgure 15 iz a
slightly steeper wave than Figure 14 but is othmerwise ldentisal. Figws 16 is
that of & yery steep wave on & flat beesh. Agnin the phenomsnon of Figure 13
is repeated. The profile it moro symmetrioal. The psrtiols velsoitisu under
the srost end trough are eguei., In this osse the particole path is more regular
or uniferm, In Figure 16D 222 125, the saximwm horizonisl pardicle wlogii:y
near ths erest is only half the nn yelooity at breaking, This 1s evidence
that only the siightest emount of watcr et the erest of the waves ever stisins
th@ 'nlcoity of wave propaga.tion evon at the breaking point., Mgures lia to
6 all showsd that the surfuce time history (x & O) pessed the brsaking point
md the space profile (t = 0) chow cloze sgreemsut - oyer & distance of about
20% of the wave kngbh on elthor sido of the oreu:ing pointe

38 range of madel wave omdi.tieu. fhe waves were unifornly wrstd.
ad p?oyund over gonstant depths and sloping bsaches. IFrom observation end
¢ompariscn the following oonolusions seem jJustifieds :

1. The theory and measuremsant ‘for surfece time histories or profilss,
£57 weriizal and harizontal partiole welositiss, end for perticle orbi*bs sh-w
;yownt within 20% (besed on the meesured data) for all waves where "f > Jeke

2, There existsa rangs ofg betwsen 0,2 end 0,1 where the theory shows
feir egresmant with the measurﬂmonts]‘of weves wi.th appreciables steepnssa.

3. TWhers -54. Gel, the theery. daca not agres with the measursments

Oi'bher for waves in constant depth or for waves breaking on aloping beaches.
It wus not expected that the theory would ccmpars with these very shallow-water

Wavess

- 4¢ In dsep and relatively desp water the norizontal partiocle velsoity
uader tho orest and wnder the trough are sguel in magnitude at the same elsvation
above the bottom. In shallew water the horiscnital particle welcoity under the
crest may be about twices the ragnitude ss the particle veloscity under the trough
at ths same level, Very steep waver sa sloping beashes ars similer to desp-
weter waves in regard to the fest that the horizontal particle veloolty under
the orest and trough are equel at the sams level. Low waves on a low beach are
similar to very shellow water waves in this reapscte

6+ The maximum horizcntai particle veloscity st the orest of the wave
may attaln the wave velosity of propagetion as the wave bresks but this
phercmenon is oonfined to e very narrow rsgion of water at the orest of the
Yavs,
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8. Waves in very shallow weter that form secondnry waves are uo%
waves of permencat form. The secondary wave travels et a velooi%y waish is
lssz than the valoolity of the ariginal wawe train, The seconcary wave osugses
smond .,eepinmplrﬁole qrbit. i 2

: 'i. Tae mn'mee ‘B‘.'taﬂ hiltcry end the lpa.om profile are nearly idunti-
82l within & distanss of about 208 of the wave length en eithor sido of the
oreat of a bresking wave.

8, The maximmm vertioal persisle velooity coouwre at the msan p&rticlo
poritier (y = O)c In the cass of breaking waves on sloping beaches, the grest-
est maximun vortioal valooitv ooours as the warve orest epproachss. Ih@ ms.mn
horizontal partiole velooity ocours undsr the orest when the wave paszes o
bresks. -Howsver, the meximum horizontal pertiecle velocity may ocour slightly
before or slightly efter the partiole resches the maximum elevation in its
motion, that is slightly before or after the wavs orsst passes, depsnding on
whethgr the. ﬂartiele ir shorewsrd or seaward, re-pegtiqgév- of the bn-!mr.
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Tsble 1
Bummary of Average &ve Conditions
Part Is Usbroken weves of constent height and period

T R L R a B4 ¢/  Bostom

Do £t 'SQO . . ﬁ/‘» £t. ¥ Slop!
Qo862 Jo76 087 = 4034 2,09 0e95 0,868  Hore
0,146 2071 0,7¢ 3,88 1,218 0,058 O, 449  1:50
0,065 " 1e25 0,80 2,36 0,292 0,068 C.2%8  Hor,
00287 517 1406 5,08  1s181  C.087 90,228 160
0o489 Bed2 1,22  4o44 1,086 - 0,087 0,191  Eors
0,099 2,88 0,92 2,64 0,292 0.087 0,110  Hor.
0180 3,71 1,30 302 0,292 VeOG1 0+07¢ Hoz,
0ei00 §010 1le62 Se24 0,282 0,021 0,051 Horo
0e151 BeBE 2o11 2,89 0,282 0,020 0,084  Hoz,
90123 o2 2067 5051 < Qe292 0.915 GCe 035 - Hor

O WM OT €I =,

ol

Fart II; Bresking meves of gsonstant peried

Plge No. Ep T 4:) dp Hog Bottom
£ie 580, /800, e o ﬁiﬁpo#:
11 0o 24 - 2,60 5,46 oﬁ 352 - 00038 is10
12 Q0,37 1.51 4,86 0,300 10,0208 1310
15 Oe3B 1,00 366 00425 0,0797 1510
14 Oe264 2.82 3,80 Q297 0.N037 1480
15 0278 1.4l 4,00 04330 00262 1460 .

1€ 0,185 0,78 3450 0,250 0,0778 1460



Xi

! o 3 i .
3 1w il
i Fid 4b - HOREOMTAL FARTICLE VELOCITY DISTRBUTION
= I wr
L | -
I T -
Frem I -—F-F—F-+=F=
1 [ AT 3 f— 7 ':E ;I 9’.p [
| %L OONT, WAL ¢ 01 G
x T R e N | - a nT.-uu b= L1 1/
: iyt vmnai i i - R
P T L TR RS B E—docboad e i sovmenel
aedy D= hom s Pl
v & / o N__‘__]
| - ¥ / oo 11 [ ©
I e e ¥ UK
5 4 Bt B i o
. ¥ I/ b
f i G Tty 4 ee 1038 OONT O
¥ o o o . 3
¥ R
! Fi@ %% - HOMIONTAL PARTICLE VELLGITY GiSTRIBUTION

I Fig Sn - WBFACE TWE WIRTORY

|
£

o b A 2
a0y £ = Pir S VRO TS
- e X 2 2
sict Rt . Sl mamee
B Beowt wihe o Suw Aes ST - - R T 28
& Metwed s, o o T paasenas

& i, B py? 13

& PARLTLE GREIY ABGIT MEAY MARTIOLT POSTION

o :
P
vl o
lql
B e 1] £ = 7 1
) P
:::}I-_“.ﬂ-l-o- [ ::?::
B ¢ Woaneed e @ dot Sy e o I
B Memend powios, moand £ "
P e p——— .
#1046 - PARYICLE ORSIT ABOUT MEAN PARYCLE POWILION
WITH N0 MASS TRANSPORT
| M LT
9
o G L,
v N -
w4l %
b4 %
o 48 T S TR {pwt ]
sit) @ = %m
PR S L T I
» Lo, 4
.,;_t-..__ ofi3
e TR T L ]
.t
::g} Noon perinn gt ¥ 610 0 S U It —‘""':::'a‘.n
o Wes od snier @ satt e e TR
KT antess pestan, siae trn €1 44 nm
wionn

FiG B¢ ~ PAATICLE CABIT ABGUY MEAK PARTICLE POSITION

WITH MO MASS TRANSPOAT

FIGURES o - 5¢



e
FE O | !
T a
a7 i ks 7 E
3 ’ — s AIETERIROIE @ AR
v R
- 23 - N A D, 4, HLS 0N HL DN
. Pl s eas men 10, mientm,
= i
B & -: 3
- -’; =4 =
- T TOR 3 ¢
B o T e £
3 S g tremed
: M. 65 - BORITORTAL PARTICLE VELOGITY DITRUNITICH
3 i E Pive - SURFACE TIHC WISTORT
L] ot T
g ——— oy 7 R ! | W—— |
* Seo 340 w-OCE, AACEST | T i ax }
B e el WO, sACDOT £z M R X
i It b y i o P
' Fr it ) i 7 AP E
_l i EL / - e ipAAL At | - gy
> ! e | £
I ; o * 926, b 40, HAO DN, GG + t
v . ; s ; | 1.4 |
. f __,l pradic RAF IS s T | L)
& i » §3 kY gkl ' x|
,— - ! : | A 5 e i jve |2 %
; w40 WS IE I £ BN o = ;
| ‘l J e 33 QNS DV 2 38 P22 i I o | ai~
! : r
¢ AT R e BRI B AF 34 & e PR 1 ] T—
H el B e s - VE e
x
3 d i FRTH - HOKIGRTAL PARTIGE YELOWTT GISTRERTON H = S
. = o P
3 H So) ma s e » £-0e S0 YR e -
i FI6. Te - SURFACE TIME HIBTORY g B e geitor o ) eSS TR
B el s, bt Opls € 17D B
Fi6 Te - PANTICLE OANT CBOHT MEAN FARTICLE PORTION
< WiTH NE MASH TRANEPQET
3 s - L = - —
& o BB RO gD, e 4 3 - e , SR
L T Pk G S Rl tp B 0 B . O - 5 e L
P g 17kt g g -
ar 28 TooR S gy : o o)
W £7 0108 : N :
e | 5 7 ) *
= : o
& ! E38 828, dna T, WASBOM, 21000
e I I* B T B 2T WLADGN, OO 5
se || © foea mis S sl AEL
: e + 8om0 wee 27
z, : o of | 2] e i 76
an JE SRPEAY, ' E E s & s ) # 1
A » . -] H G 23 GG .0 Sx R3OV
i { i | ] Tea BT 008 U AT 354 SN
1| | ! ’
>3 .
w-ee LR = 3 LTI T RN T RN et ]—, ‘
- - — L — L. i Lol 320
o * & ¥ a l o oyl
5 .
R T 4 o e 004 - HORIIONTAL PARTICLE VELOCITY DISTRIUTION 3 w
——— = — - = e e e e . - ; PEY s i i o OO SRR
H #5 8s - SuMFAIC TIZE MSTORY H wol e #
! = @~ Momwid i ot mypes ton m—ey
TR ;. £ ¥ O e S, i S
B FHL 82 - PARTICLE ORMT ABOVT MEAN PARTGCLE FOSIGE
¢ > : WITH N0 MASS TRANSPORT
—— APDEWRy tspereal duttete T T § 3 v 5 T —
e W H WAOGN, MLOOH _ T . . - e ' l
ole T Vow -0, WLID.0F, €-0044. o o T A I
7 | RN TR O N | i = ; o | 9 s &
4.\' o 8 [CETY-) ¥ O =T 2 -1 R Lo ] - i
HEELY Vee© Gt 836 £13 320 0152 — 7 [PV — 4
ST T : : s buton 7 3
X b3 ! - ° sl I3
e o vt ome . P -
sy . eten e | o e N
[ L/ : : 1 7
; ML O W Ed) 353 e 8 Lo it wsten oo : -t
' LA - e e mimy &, ° ! ¥
i s o e T sAS s om A8 8 : —t - } 7
'H‘F;.u ve0ols2®® Wom 20 0125 5% 212 220 C. i, LIE ¥ L. oo
3 e [}
i & LT S S T T Y - Z - —otw I
L ! ‘3 el . T e [ o £
1) J 1
A I A . LA S FIO $5 - HORIZONTAL PARYIELE VELOCITY DISTRIBUTION ; o
~ "oy Wt 19X MO R
) { W perton e ol #0006 500 090
Fi& 9o - SURFEIL TINS MISTIAT & e Legsen
! = O Masswrtd pEu)on o1 webl Lme eaers AR 23 R4
A MM P, LiSvd G G+ 320 Misec
b ot pmots 04 aormen

FIC %o FARYICLE ONBIiT ABOLY LERY PARTICLE POSITION
Wt g MA%S TRIKSPORT

PR oe TR S ey
—— ~ [ T
8 Wew I°L WAPDME, #L-DOH Py e TR, ! f=,
y B W 3ok LG, AeG D38 LT
fix b b e g 2 ..,__.Q:.i 2
¥ St P [ I B o B "
It - o
[ | g ias e 7 ? X
|4 i /L1008, WLIOOW F SR R N TN 'y
L , e 4 3L COD, 6400 M0 oF x
4 con | sl b .
= i 1 . 2 Bl wrulc mtes Lowe 4w
\ = T } noL1 e ym o P 1
1 i U011t ot e | _]' ©
o i wow 3 Do WS [ef Fh 5w Y p— 2l® ¢
e i iR | e s Oize 02 31 402 020 E =1
| E 008 e -
B T T (a o0t P
3 11 Nnet o
i ¥ o Woa VA g8 K
E O (O = F15 0L © NORIZONTAL PART.CLE VELOCITY DISTRIBUTION ,.ul o ke sowinn o1 B0 o 510 205 1t o

2uac ain

© Wesuitd Dublen @t saual s el
T Mevumed parten, yocens crcl

F18 104 - SURFACE TIME WZTORY

FI3 10c c Faf TISLE OABIT 4BUNT MEAR PARTICLE POSBINIGR
WiTH Hi MASS TRANSPORT

FIGURES 6o -1i0c



> yoi g - dabee
FL
,/:'_mn e Aaermis wpv——
L X
: . pome
i > N T |
5 - = ~ j 5 t:’z,' w3 :
' Pt 6Fs £5C 143 B4
o S o = 5 H PR
: T v 3 ! 25 Z he 0 T e e e s e
£ 2R dls - GUAFACE TR SEITORT IDMLVONS W) o #ral b Frk SR g
. R W e, el wyve M
710 40 - FORIONTAL PARTICLE VIOGITY OSTRSUTION {SREASS WAYE 1 Pt lte - SARTIELE OREIT AROUT MEAR PORTIAE PORITMN
TATH MASS TAANZPORT { BUEAKWS WAvE }
B e Lo i
P 1 33 (0
e T O R el o AT I I LT A
. [P T e L v o,
TR W L - i Y S R oy b
- -?' ] At g ‘.;.37"
E . i T a4 e il s
a4 i S B S o800 T voee =
i i | : - 47 ah
= I3 s - . i TR TN E LI )
1
i ol et ey
;n—-n—-wétcnc-ann
. el
: ; Fs - v » 2 Vet o @ 4 B
i = F12 g0 - SURTWE TINE MSTORY SNATM WNE) + nY 20 - PONZATAL ua.neu. VELOZYY DISTASUTION (SREAKNG ¥ OE } : o
e : 3 = 7= e 5
k=
]: L A =g
£ -J i
I , J-| — | G
b 7 571 o il
o B £ ey 1 s a5 AR | CRUES ]
_x o . %
i % 2 ;
i s B ] e 5 ot T : e Mo et s @ 929 w4 8 u-n»
i 17 S e 5 = : C T et o o et B i 5
’ e . ; o = ) . R T
| Fi# iBg - GUOFACE TiME MCTORY (BREMRIS wVE1 Is W i $ i e

. Iq—-l;il—t-l.t

- MORIOFLA SATIGLE VELDCITY WMSTRIRITION | RORAKING WAVE ) 116 1l © PARTIRT GRIY uun “an aRTICLE
ric = WITH MAS TIANTIONT ( GMARNT WS

h

g | | ] L l i HW

e o
LT e anicet)

T

Fill on - TURFACE TRE HWISTOTY (RRLANSS WO FiB I8 * HOPTEONTAL PARTILE VELOCITY DISTAHUTION (FREASDS WAVE}

-+

il
Vi
!
i

! A
71 a o f— e — Y “Cindd
.
e _g’J A = -If' F A T S 5,
. i oo o e BERT TR TR TS
- ¢ 3 i ] ;
ol i
sap— T T
A : il F14 150 - HORIZONTAL MARTICLE VILOGTY DISTABUTION TBNEAKGNS Wz} H 00} s ey RaTEE meamm

(R
L e e )
¥55 i%e - BURFACE TIME SIRTORY (BALANM] wavE| . 0 Memost puten, mams ey

716, iS5 © PARTICLE OABIT ABOUT WEAM MAvieLE
FOMTION WiTH A TRiNaPoEY e

R 1, ‘05’.\
Ry y

e

°3
L wante v g A s
v @) e 2.
e e Asrr sepvnany |
peecte o oy
- st
.m0

Mo T oG e e e
o

| mo T 33 OM 3% 00k 1 oo

[

vt

Tt g 0 oF 0
.ee CH o A
S etk AL T A 10070
Fig 16 © SOMITONTAL PARNICLE VELDCITY DISTRIBUTION [@5kishes REY ; : 8380 s
i ] 2 O Wt gt ot e e arotio o
i it s SURFACE TS WSTOWT |BREAKING WAVE) i . st : -:x: "

L 00778

" il “M:vmt OMIT ASOUT mEsY Samncyy mnw-

WITH WaBS TRANSPORTY omisming wave )

FIGURER (in~ifa



HOLLNBYYLSIC.

P6C 0 02 R1'2 868 GIN'0 T oM

2627 B.2 602 BS'5 LE1IC 9 o .
(L (3882u) (24} (W) ]
3 3 1 3 L]

oz wom .0L28

9’ som WLy

PEINP G0°0VH ‘02 sl W06
PO YD 200 WH 91 S L0810
:o:‘.aa...u—:_o '

Wi amusouly  ——— -—

O %X o +

KOMLNGIMLE WS

2600 §2% 28 1L'C QU St deom
2600 OL'Z 120 1% 0240 Op #om
03 (3ugag) (aes) (W) )

n 2 . H

nc...o!..\,.::.,.q+
cc-.,.e:_..o?“&o
_who_u..._k..mmc.o..._\:.mw.!!s.._o_w...%n
BLG 01 "0 0WH 08 womM Dbsf O
(EITH TR {F

(ORISR E BDUIRD. Wy

- Q9

ALIZ0TIA 2IDiLUYL IWHEINIA -

30

50

(998134} ind

L. £0 T

‘81 812

e

|
i

—

ALIDOTIA IFN0lalvd. J(O-hlﬂ) W
b (o34 144 -
%0 £0 vo £0 20 "ro o, |
- - ; s i H
é : S/
oo - \\A o
: v s
i vt \ ":;
! . P e \._ : ¥
t'.l'tl.‘-{flljn..l.l.ukp.;il!%..!.}! fr Jl.‘m ) Etedun oy
f— - it ._i.uu.\{....ll.ll‘ .!).J..Gl €0
g oY e ; e 1
of » \ |
Q) e HoLWADIY :
_v. S 0 ..y.w.lnw..al.m«t,..l.ln}.i-]!....mzu e m O

:.:

uB.“.

({12 6..&..{_- 9RO/ ‘D MM 068 0

|
st g :v.z.e%« _1! —

I

fe
{1 NOLL¥NOI) ANOINL

a

et

g %O-...:Q_z._m_n ALROTIA 3TIGILHYY TVALLNIA ig 9id oy
. e | [E VT IREY &
; Ehyt 7 . ) 20 £0 z0 o 2, m
{30 0w (7 X0 5 oﬁ v som \
i 20 @R L%Z 2C°0 8200 € wow yd
B 1) o) ) ) 7
] 9 X . .. H . i+ \\ 10
MOM OL2HE 7
: € som 0LZng - 2 pd (RPN
| IGERGSIE GINGVH b oM B G X \w\ ,
(SSQQ/P 'SIODFIH 'C oM ‘D6 § © Z0
. ‘vensqrusip / el
(v P R Y S— b
3} e pm——t et — - — L Honous— —
e = + - TIAIT BILYM 105 — o
' x (]
(2 NOILVOI ) »%u.:\l
! e llrlln—rr-lnwxwvllz.—m aulcha
NOILNGINAGIO ALIDOTIA ITIDiLHVA TVIILNIA - 61 914 m
. [EL LR TTREY] i,
50 »0 50 70 0 0 <
3 wnllio %
22 CHIC 221 OVE GOID L2 wom 4 A
2620 £8'2 291 OIS 9010 €2 oM 1 \ i
B Owag) (9% N G
® o9 4T M .\u\\ Lol io
: ; X/ !
iT oM 'D)Z=g + Vs t
£ vAOM ‘01220 » A / an s
gﬁi 200N LS Mo DBeg X | h.. |
%&ﬂ,ﬁno.ﬁ\: ‘g3 8i0M 6= © 1 o 7 _N 0
Py “ Y
..!.-!__.muuo wowptuddy, ——— | enn, L A |\-1||I|_
; p
f
0 s = L
fouer- '
sl RvE
5 b —— 153 — — o —— — 4 — — — —_———
: |
/ i 0
,w‘m.w / 1 N 23 _,
{ SO NOLLARINLS|AG ALI20TI3A I3I011HVd WVIILEIA - L1 9id %
il i (sas;) 14l ; L
| s ,,n.a X £0 20 10 0 m.
WL 160 92 1450 3 wom o
w30y [ ,..,, i \
4, i e 4
i : L/
%._ : : 0# § .-a_hwum . a

R

A

i
= A3AT 0 HILVM LS -

= == HONOH!, —~ ~— -

I

f oo —— 153U — —

L]

(g

E1GURES



p iy

TN

L

2w

e

Ll s

e -

'O g sartic povites ot 070 1 SeO.RBS

O C Meovooed pes.oh & agual Fme seterver
A oryasd LeNtOr second Cptie

o
] i
oy
L
ek
1
oot \'1
taw L
FIL%
Fi6 220 -

WiTH NO MASS TRAMSRORT

Wore 340 10 0 120 e
L3I R
THOLRT s
€0 270 fumee
LER-E 29

PaSTITLE GRBIT ABOUT REAN PARTICLE PHSITH

T
] 1
AT A
X 5 -
=,
F
STRL W LAY e -
-+
{ ]
e
= T
s
- —ia—'—Jﬂ" s
; = i
nE = s BE2% W 008 .
! o Mean covtiste pontion o 040 ont 320880 gy
: L@ T mmsres peston 0wl tens pray T 162 e,
B " Hesewsd pasien, pacew Cyl £ 2.63 maw
X scomen
FI18.238 = PAATICLE ORBIT ASGUT MEAN PARYICLE POSIVION
3 WITH NO MASS YRAMSPOAT
T Es ok
: °
o8 A
: - : 1
- [ lo
i & oo o
s o t...F J St #ﬁw
S o S
2 b
= Pol _aolals [ gle P° “1
el : 1k
e L] o ‘eox ooe ovs L (X311 om
3 o 1)
»0) Viowe 56 KeOI13T g
; Po’n-m;mmmlmml Voo 5202920 LG58 1
O - theguursd pumion 81 eqol Tina intervale 1209 o
¥ 0 Maptund poaikc, seceno ¢ im Ce2.78 1 /sac
gr0za2 N
Fia 24a - PARTICLE QREIT AROUT MEXN PARTICLE FOSITION
WIYH NO MASS TRANSPCRT
o6 — e g — e —
¥i— | IRE
& e e T SN S T S T
o x ol @ h
s P R 5 1 2 el ) (! S |
v - i i
g 5 ol | M|
Pt X 0 i i
e I SIS
o : L 'l *_""‘““‘ i - :
O
ORI ST
sy o L3
e

0008 gak

a0
v o

2 0 Meoiwed powt

T PARTICLE

Mean pasuci pasiion 1§

7 31 aguat hme .

ioft cur

oasIT
wiTe

NO

Wiva 2°3

< 5:0 238G 0

&

TRANSPOR!

LRCAFZ RN
R

T:2 67 seconds

w325 htisseson

40 z92

ABOUT MEAN FARTICLE FOSITVION

MALT

it}

T i
- +
[#g—— [ 1] 1T T 1444
t t 1 (B N H
[ e e e L X0
R S S o s~ o [ 4 i
' L2l P i NG
[Y7] S S SN VA S
i A BN
i e
80 fe s {500 s e h,
V4
1] k]
ytint 0 b - =
1 ( m; . 1
'wt.L '*r‘ Li — x 2
i \\ 1 a\x - Go Jf
ager e R 2 =
= = =5 3
L} ,l il - ;
bl
1 ledd =4 4
P oM Doe 004 o 0_01 £ D 2]
8 n Wy
% <
H P2 } Macn perncs pesten o 8:0 o BeOTeN TN FBUIHL DGR K
(AL Lexnn
D - HE0esNd poubon <1 Saud lee Wikewels Tr 58 e,
X Motre? JeHIen, Bece Sy T 853 Rame
3 OFR 0
FIC 285 - PARTICLE SRBIT ABOUT MEAN PARTICLE POMITION
WITH NO HASS TRANSAORT
arE - .r ] [
10— - + {
= 3
P T g -
T /r#i‘nme
° -
{ st s waren o
Al
o e e e =
x
ool =
7 =) Ao (s | o|e]e] 9
B - e e T e T L]
ey PR T
10 .. PaeSFER HAQM0E &
Tio) Bew mericu sositen 24 8:0 4 220557 1. o B
© T Mamnad portan o sndl Bme imervels. Te .82 e
X -bMeawnd pomten, sowd oyt 188 e
S+ 0HIL £,
Fis. 230 - PARTICLE ORBIT ABOUT WEAN PARTICLE POSITION
WITH NO MAGS TRANGPGAT
- : 7
e !
= o ke
- ]
ace -
% x
B L ®. p? |
bl A" [ - N
v 7S
b [ )
p @ -~ FEa
o b 4
a0 o -, 1.
x . b
008 S
F 20! elolo? PY m)
=3 i :
5 '°°‘-’L-7J EETT ORI 257 :.%: T
s s i)
i pie } 820 porince comtion o 210 ona §1018¢ K, WO WD #0428 &
50 ! LoCAS B
0 - Neowwsd pouhen 3 enne. lune Al ol Tr2.5) e
X MM pothen, Meand pde L4380 fiem
R, = Numdie ot gomis W oA T ORER
FiG 285 PARTITLE ON&IT ABSIY MEAR PARTICLE FOSITIOR
WITH ®0 MAES TRANSPORT
g
i © °
0t 3
{ & 2
am i —r&
O frm———
1)
yun o |L CJ
G iy .I-_
i e o
.“2{ el . [ _I. mdiia
el s i e
bl R nes oea = o
3 FR UL
i
5 :2 } Veor ooriicie postine o 810 e & O 185 (1 Lo diats :::'::':'
© - Me3suras posiTies of eduar Hms inter 7004 Yoz &7 saconds
t - Number of paets tett o <1228 iver
% Uecswda pomtion, WCwnd Cree cen29z N
SIG 250 - PAATICLE CRRIT ABOLY MEAK PSATICLE POSITICN
WITH NO mASS TRANSPOR.
FIGURES #1033



DISTRIBUTION 1LIST

Tebhnical Repsrta on Project KR 083-008

Coples

i3

0

E 0]

N

Dirdetor

Institute of Engineering Research
Driversity of California
Berkeiey 4, California

¥ava!l Ressarch Laboratory
Techndesl Services
®ashington 25, 0.0,

UQSE g;av;'
Hydrogramic Office
Wazkington 25, D.C,

Chief of Saval Ressarch
Havyy Department
Washingtea 25, D.0.
Attn: Code 116

British coint Services Mission
¥ain Favy puu..xﬁ.‘a.iig

‘a.hingtcﬁ 25, Dalls

A o ande [FTrS | &b oaia
AB8V. Naval avtachse Ion P.,em et

American Pubassy
Favy Number 100
Flea% Post Office
Eew Jork, New York

‘Director

ij.8. Naval Electronics Laboratcry
San Diege 52, California
Attn: Code 550, 552

Dirsctor
Wande ‘JO.‘@ Na noara i

PENI LN 7 v Sar 2 g -3 nlnhw - i

Woods Hele, Mazasc betts

Director
Scripps Institution of (ceanography
La Jolla, California

Director

UoS. Fish & Wildlife Service
Department of the Interior
Washington 25, D.Co

Attn: Dr. L.A. Walford

Chief, Bureau of Shipe
Nevy Department
‘Hashington 25, D.Co

Atin Code 8L5

gogiss
1.

Chief of Haval Research
Havy Department
ﬂanhkngtsz 25, BeCo
Attn: Code L6

Director -

Office ¢f Heval Research
Branch Office

150 Causeway Strest
Bostor Haseschusobis

Director
Office of Naval m:arch
‘Breach Uffice

346 Brosdway
New York 13; New Ycr&

Pirector
Office of Navalrﬁesearch
Renoh- Cittee

8Ll Horth Rush Street
Chicago5;l, Illinnig

Director

Ctfice of Naval Research
Braneh Office

1000 Geary Street

‘San Francisco 9, Califomia

Director :
Office of Naval Research
Braach Office

1030 East Green Street
Pasadena 1, Californie

Chief, Bureau of Ships
Havy Department
Wasizington 25, 0.0,

Commander

Naval Ordnance Laboratory
Waite Gak

Silver Springa 19, Maryland

Commanding General

Research & Developument Divisic
Department of the Army
Wasidngion 23. D.C.



...ll:

Director of Research & Development
Ha, 8. Adwr ?area

il" IRB-BE-I :

mlngtm 25, . °c_f.

Commanding Offxcer
Cambridge Fleld Statiorn

230 Albany Strest
Cazbridge 39, msaachumt.ts
Attn: CRHSL

mdant (OAO)
chat Gi)aﬁt m
lam E St’r’ﬁ, k.ﬂ.
WOB; D.Ce

Ghisf, Bureau of Yards & Docks
iiavy Department;
Mesnington 25; D.Cs

Chairman, Ship to Shore Continuing
Board, U.S. Atlantic Fleet :

& commder, Amphiba.ous Group 2

wa ¥leet Post Giiice

!w !ork, New Iork

"Camamer, Anpk_xibious Forces
Pecific Fleet :
San Francisco, CQIifornig

Conmmander
Awphibious Training Command
B.s. PGQHIG F.Léé'ﬁ‘c T =

- San Diago 32, cal.ifornia

U.Se Army
Beach Erosion Eoard

5201 Little Falls Road, N.W.
Waﬁhiﬁgton 16, D.Go 2

ﬁ.s.' Waterways Experiment Station
Vicksburg, Mississippi

U.5. Engineers Office

San Francisco [hsirict

180 New lLiontgemery Stireet
San Francisco 19. California

‘U.S. Engineers Oflice

ios rngeles Diztrict
P.0. Box 17277, Foy Station
Los Angeles 17, Califernia

<o

U.S. Engineera Cffice
South Paeific iAwvision

P.0. Box 3329, Rinson

Annex
130 Sutter Street
San -Francisco, Californis

Qtfice of Homolulu Arsas
Corps of Enginesrs
UeSe Army

P.0. Box 2210
Hozsiulu, T. h. 3

Commandunt of the Marine
Cerps School

Quan,uco X Virg.inia

l.‘-.

e

”Gamandi
- Uso. hav&; Civil an;ineering

Sit-uéaddz Inglil,'uIE

Diractm- af Hvdr'arnrn.
Besearﬂh

~/o #fice of Naval fesearc

Brench Offics

Navy Na. 100, Fleet 2.0,

Now on‘k, Eau York
Dfﬁiccr

 Research & :mluai.ion Lab,

,Constructn.on Battall .on Cent-

Fort Huer‘emen Cal. i.fnrnia

e e St

UOMRAIIGaliw 'mbmr;—\.'vtyw
Hge Marins Corps

G4, Room 2131

Arliggton annex
Wesaington, D.C.
Attn: L’b-COla HQHO mche

Cliet, Air Weather Service
aadrews 4Lir Foprce Base

~ Washington 25, U.C.

'...J

Attn: Mr., Rs Stons

Hegazareh & Develoowent Bew rd
National illitary Estab.
Washington 25, uU.C.

Attn: Conm. on Gesophysics
and Geography
Hetiocnal Research noun,il
Z10L Consilnution svenus

ll auzg.,oﬂ 25, L.C.
Attn: Comm. on Underssa
Wariare



Jud

ey

T4

Director

UeSe Gondt & GeodeTvic Survey
Departasnt of Coumerce
Waghing ton 25, D.C,

Dapartzent of Engineering
University of Califernia
Bgrkelay 4, California

Ce.lifornis Academy of Sciences
Golde: (Bte Park

Zan Francisoo, California
Attn: v R.C. Miller

zad; Dapt. of Ocevnogrephy

; Tekaﬁ A &M

a@l?sge $tation, TOX.-a_

21 aet-;

Chesspenke Bay Inai:itu-ce
Box 4264, BTG 42 '
Anrapelis, !la.xﬂ lard -

Lireokor
iamsnt Geologiosl %sermte

. Terrey C1iff

i

‘g.;’n i

freit

“‘u.lisaqsa s New York

Eﬁ\m\i, Sepve of Coscnograpiy

+adwersity of Washingion
;s*»mntle 5, Veshingson

- The ‘ana.noyaphio Instibuta

Piorida State University

fallahassae, Floride

Director

Zaaz-r'ag\insett Merine Laboratory
¥ingsbtou, Rhods Island

Bipgham t‘)c‘eanographic Foundeati
Yale University

o e i £l momon o 3

X 5
How a VoL, “ORNSG visu®

Depastment: of Conservation
Cornell University

Ithase, New York

Attns Dr, J. Ayorc

Allen Haneogk Foundation

University of Southern California

Los Angeles 7, Celifcrnils

[ 2

I

Ly

]

s

§ o

Direcior
Hawaii Merine isberetory

4 Univars:.uy cf Aewall

Honolulu, TeH.

- Dirsator

Marins Laboratery
University of Miami
Coral Gabissg, Floride

Head, ﬁept. of GCceancgraphy
Brown University
Providence_, Rhode Island

Dept. of Zoology

Rutgers University

New Brunswick, New Jersey
Attns Dr, H, Heskins -

Tele Fish & uildlifa Sernoe
F. 0. BOX 3830
Honolulu, T.H.

7.8, Fish & Wildlife Service
®sods Hole, Massachusetis

U.5. Fish & Wi.ldlife Servzoe

-"Qav "rocxﬂ‘cv
fkTwest“’ 'Pevncl

TeSs Fi.sh % Wildlife Service
450 B, Jordan Hall
Stenford University

- Stanferd, Galiforn:.a

U.Se Hsh & Villalife Serv‘ice

'Eouth Atlantic Uffshore

Fishery Investigations
o/c Georgie CGame & Fish Comm.
P, 0. Box 31z :
Brunswick, G’aorgla
Mre Ao ke Cochirun LT
Chief, Bydrolegy & Hydr. Br&noh
Chief of Engineers
Grarelly Foint
Washington, D.C.

District Engineer
Juck=onvilles Uistricth

Corps oif Engineers, U.3. Army
575 Riverside Avenue
Jacksonvills 1, Florida



	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021

